TITLE OF THE INVENTION 
Semiconductor Device 

BACKGROUND OF THE INVENTION 

Field of the Invention 
5 The present invention generally relates to a semiconductor device. 

More particularly, the present invention relates to a semiconductor device 

with a semiconductor package. 

Description of the B ackground Art 

A conventional semiconductor device with a semiconductor package 
10 is disclosed, for example, in Japanese Patent Laying-Open No. 11-204679. 

In the semiconductor device disclosed in the above document, a 

semiconductor chip has an upper surface with a plurality of power-supply 

signal lines for providing a power supply and has a lower surface with a 

plurality of electrodes for a signal for exchanging signals. The 
15 semiconductor chip is enclosed in a package. A power supply 

interconnection line formed externally to the package contacts an electrode 

for a power supply and a printed circuit board. 

Such a semiconductor device has a problem that the power supply 

interconnection line tends to peel off the printed circuit board easily, 
20 resulting in deterioration of the reliability of the semiconductor device. 

SUMMARY OF THE INVENTION 

The present invention is made to solve the problem as described 

above. An object of the present invention is to provide a highly reliable 

semiconductor device. 
25 A semiconductor device in accordance with the present invention 

includes a semiconductor package, a substrate, a metal substrate, and a 

metal fixing member. The semiconductor package has a first main surface, 

a second main surface provided opposite to the first main surface, a first 

terminal provided at the first main surface, a second terminal provided at 
30 the second main surface, and a semiconductor element. The substrate has 

a third main surface opposing the first main surface, a fourth main surface 

provided opposite to the third main surface, a third terminal contacting the 

first terminal, and a fourth terminal provided at the fourth main surface. 
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The metal substrate has a fifth main surface opposing the second main 
surface and electrically connected to the second terminal, and a sixth main 
surface provided opposite to the fifth main surface. The fixing member 
contacts the sixth main surface to position the metal substrate. The 
substrate is provided with a hole passing through the substrate. A portion 
of the fixing member is inserted into the hole, and a tip of the fixing member 
contacts the fourth terminal. 

In the semiconductor device configured as described above, a portion 
of the metal member is inserted into the hole, and the tip of the metal 
member contacts the fourth terminal. As a result, the tip of the metal 
member presses against the fourth main surface provided with the fourth 
terminal. In addition, another portion of the fixing member presses against 
the third main surface of the substrate via the metal substrate and the 
semiconductor package. As a result, the metal substrate, the 
semiconductor package, and the substrate are sandwiched together by the 
metal fixing member. Accordingly, a separation of the fixing member from 
the substrate can be prevented. Consequently, a highly reliable 
semiconductor device can be provided. 

The foregoing and other objects, features, aspects and advantages of 
the present invention will become more apparent from the following detailed 
description of the present invention when taken in conjunction with the 
accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view of a semiconductor device in accordance with a 
first embodiment of the present invention. 

Fig. 2 is a cross-sectional view cut along the line II - II in Fig. 1. 

Fig. 3 is a cross-sectional view of a metal substrate. 

Fig. 4 is a cross-sectional view of a fixing member. 

Fig. 5 is a cross-sectional view of a semiconductor package. 

Fig. 6 is a cross-sectional view of a substrate. 

Fig. 7 is a cross-sectional view of a semiconductor package employed 
in a semiconductor device in accordance with a second embodiment of the 
present invention. 



Fig. 8 is a cross-sectional view of a semiconductor package employed 
in a semiconductor device in accordance with a third embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 In the following, embodiments of the present invention will be 

described with reference to the drawings. In the following embodiments, 
the same reference numerals will be assigned to the same or corresponding 
portions, and description thereof will not be repeated. 
First Embodiment 

10 With reference to Fig. 1, a semiconductor device 100 in accordance 

with a first embodiment of the present invention has a substrate 4. 
Substrate 4 is approximately cuboid in shape (a square shape in Fig. 1) and 
has an approximately rectangular plane shape. Substrate 4 has a third 
main surface 4a. 

15 Via holes 9 are provided at four corners of substrate 4. Distances 

between neighboring via holes 9 are almost the same. Therefore, lines 
joining four via holes 9 make a figure that is approximately square. 

A semiconductor package 1 is provided on third main surface 4a. 
Semiconductor package 1 includes a semiconductor element (not shown in 

20 Fig. 1) and functions as a core of the semiconductor device. On a second 

main surface lb of semiconductor package 1, a metal substrate 6 is provided 
as a heat radiation board for cooling. Metal substrate 6 is slightly smaller 
than semiconductor package 1 in plane shape. On a sixth main surface 6b 
of metal substrate 6, a plurality of fins 6c for heat radiation are provided. 

25 Fin 6c increases a surface area of metal substrate 6 and radiates heat from 
semiconductor package 1. These fins 6c are spaced apart such that they do 
not contact with each other. 

A metal fixing member 7 (a fixing metal tool) is provided to cover 
metal substrate 6. Fixing member 7 is provided such that it does not 

30 contact fin 6c. A portion of fixing member 7 is inserted into via hole 9. 

Then, the portion of fixing member 7 engages substrate 4, thereby metal 
substrate 6 and semiconductor package 1 on substrate 4 can be fixed. 

With reference to Fig. 2, semiconductor device 100 in accordance 
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with the first embodiment of the present invention includes semiconductor 
package 1, substrate 4, metal substrate 6, and fixing member 7. 
Semiconductor package 1 has a first main surface la, second main surface 
lb provided opposite to first main surface la, a first terminal (a ball 
5 terminal) 2 provided at first main surface la, a second terminal 8 provided 
at second main surface lb, and a semiconductor element 10. Second 
terminal 8 is a power supply terminal or a ground terminal. 

Substrate 4 serving as a host substrate has third main surface 4a 
opposing first main surface la, a fourth main surface 4b provided opposite to 

10 third main surface 4a, a third terminal 3 provided at third main surface 4a 
and connected to first terminal 2, and a fourth terminal 5 provided at fourth 
main surface 4b. Third terminal 3 is an interconnection line for junction. 
Fourth terminal 5 is an interconnection line for providing a power supply. 

Metal substrate 6 serving as a heat radiation board for cooling has a 

15 fifth main surface 6a opposing second main surface lb and electrically 

connected to second terminal 8, and sixth main surface 6b provided opposite 
to fifth main surface 6a. Metal fixing member 7 contacts sixth main surface 
6b to position metal substrate 6. 

Substrate 4 has via hole 9 serving as a through hole passing through 

20 substrate 4. A portion of fixing member 7 is inserted into via hole 9. A tip 
7t of fixing member 7 contacts fourth terminal 5. 

Substrate 4 is in a shape of a flat plate and has its ends provided 
with a plurality of via holes 9. A plurality of fourth terminals 5 serving as 
interconnection lines for providing power supply are arranged adjacently to 

25 via holes 9. On the side opposite to fourth terminal 5, a plurality of third 
terminals 3 are provided as interconnection lines for junction. Third 
terminal 3 is exposed from third main surface 4a of substrate 4. 

Semiconductor package 1 is provided such that it is stacked on 
substrate 4. Each first terminal 2 provided at semiconductor package 1 as 

30 a ball terminal contacts third terminal 3. As a result, third terminal 3 and 
first terminal 2 are electrically connected. Within semiconductor package 1, 
semiconductor element 10 as a semiconductor chip is provided. 
Semiconductor element 10 is electrically connected to first terminal 2. 
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Furthermore, semiconductor element 10 is electrically connected to second 
terminal 8 provided opposite to first terminal 2. In Fig. 2, second terminal 
8 has a power supply potential. Semiconductor element 10 is molded by an 
organic material constituting semiconductor package 1 and protected from 
5 moisture or an external pressure or the like. 

Metal substrate 6 serving as a heat radiation board for cooling is 
stacked on semiconductor package 1. Metal substrate 6 for heat radiation 
is constituted of a metal with a light weight and a high thermal conductivity 
such as aluminium. Metal substrate 6 directly contacts second terminal 8. 

10 On the side of sixth main surface 6b of metal substrate 6, a plurality of fins 
6c are provided. Fins 6c each extend in a direction away from metal 
substrate 6 and increase a surface area of metal substrate 6. Accordingly, 
fin 6c radiates heat from semiconductor package 1. 

Fixing member 7 is constituted of a metal with a light weight, a high 

15 thermal conductivity, and a high electrical conductivity, such as aluminium. 
Fixing member 7 is elastic and has its tip 7t contacting fourth terminal 5. 
A protrusion 7a of fixing member 7 contacts metal substrate 6. As a result, 
substrate 4, semiconductor package 1, and metal substrate 6 are sandwiched 
together by fixing member 7. As shown by broken lines 50, a current is 

20 supplied from second terminal 8, via metal substrate 6 and fixing member 7, 
to fourth terminal 5. 

With reference to Fig. 3, metal substrate 6 has fifth and sixth main 
surfaces 6a and 6b approximately parallel to each other. A plurality of fins 
6c extend in a direction almost normal to a direction in which sixth main 

25 surface 6b extends. Fins 6c are arranged with a prescribed space 

therebetween. Various materials may be employed for metal substrate 6, 
however, conductivity is necessary. Metal substrate 6 may have different 
materials in different portions thereof. 

In Fig. 3, conductive paste is applied to portions of metal substrate 6 

30 that contact fixing member 7 and second terminal 8 so that a reliable contact 
is ensured. 

With reference to Fig. 4, fixing member 7 has protrusion 7a and tip 
7t. Protrusion 7a is a portion contacting sixth main surface 6b of metal 
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substrate 6. This protrusion 7a presses against metal substrate 6. 

Tip 7t is a portion directly contacting fourth terminal 5 and presses 
against fourth terminal 5 and substrate 4. Protrusion 7a is also electrically 
connected to sixth main surface 6b of metal substrate 6. Tip 7t is 
5 electrically connected to fourth terminal 5. 

Conductive paste is applied to, among portions of fixing member 7, 
protrusion 7a contacting metal substrate 6 and tip 7t contacting fourth 
terminal 5 so that a better contact is realized. 

With reference to Fig. 5, semiconductor package 1 has semiconductor 
10 element 10. Semiconductor element 10 is molded by resin. First terminal 
2 and second terminal 8 are electrically connected to semiconductor package 
1. Each first terminal 2 inputs and outputs an electrical signal to/from 
semiconductor element 10. Therefore, first terminal 2 and semiconductor 
element 10 are electrically connected by an interconnection line (not shown). 
15 Second terminal 8 is also electrically connected to semiconductor element 10 
by an interconnection line (not shown). It is noted that the potential of 
second terminal 8 can be set to various potentials such as a power supply 
potential, a ground potential, and other potentials. 

Conductive paste is applied to ball-shaped first terminal 2 and 
20 second terminal 8 among portions of the semiconductor package so that their 
better contacts with another member can be achieved. 

With reference to Fig. 6, substrate 4 has a plurality of via holes 9. 
Via hole 9 passes through substrate 4 and receives fixing member 7 shown 
in Fig. 4. Fourth terminal 5 is provided at a portion internal to via hole 9. 
25 Fourth terminal 5 is provided at fourth main surface 4b of substrate 4. At 
third main surface 4a opposite to fourth main surface 4b, a plurality of third 
terminals 3 serving as a plurality of interconnection lines for junction are 
arranged with a prescribed space therebetween. 

In the above-described semiconductor device in accordance with the 
30 first embodiment, substrate 4, semiconductor package 1, and metal 

substrate 6 are sandwiched together by fixing member 7. As a result, 
semiconductor package 1 and metal substrate 6 are not separated from 
substrate 4, thereby a highly reliable semiconductor device can be provided. 
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In addition, fixing member 7 fixing semiconductor package 1 and 
metal substrate 6 to substrate 4 electrically connects second terminal 8 and 
fourth terminal 5. Therefore, fixing member 7 plays two roles, i.e. a role as 
a fixture tool and a role as an interconnection line. Thus, there is no need 
5 for increasing the number of components forming the semiconductor device. 

The semiconductor device in accordance with the first embodiment 
can be applied to a multi-pin package such as a ball-grid array (BGA) to 
have power supply terminals or ground terminals provided at four corners 
on an upper surface of the semiconductor package. The power supply 

10 terminal or the ground terminal can be connected, through metal substrate 
6 serving as a heat sink for cooling and its fixing metal tool, i.e., fixing 
member 7, to fourth terminal 5 that is a ground terminal or a power supply 
terminal at substrate 4, and accordingly stable power supply potential or 
ground potential can be supplied. In addition, no power supply terminal or 

15 no ground terminal needs to be allocated to first terminal 2 that is a ball 

terminal. Therefore, a signal line can be allocated to first terminal 2. As a 
result, in a device particularly with high power consumption, a downsizing 
of a package or a package of more signal lines in a single semiconductor 
device is achieved. 

20 Second Embodiment 

With reference to Fig. 7, semiconductor package 1 includes first 
terminal 2 provided at first main surface la, second terminal 8 provided at 
second main surface lb, semiconductor element 10 provided on second main 
surface lb, and an interconnection line 11 connecting semiconductor 

25 element 10 and second terminal 8. 

In semiconductor package 1 shown in Fig. 7, a power supply 
potential or a ground potential from second terminal 8 at one of four corners 
of semiconductor package 1 is supplied, via interconnection line 11 inside 
semiconductor package 1, to semiconductor element 10. The semiconductor 

30 package in Fig. 7 is a semiconductor device packaged in a flip chip scheme. 

The semiconductor device in accordance with a second embodiment 
has an effect similar to that of the semiconductor device in accordance with 
the first embodiment. In addition, in the flip chip type semiconductor 



package, through the provision of the power supply terminal or the ground 
terminal at four corners on the upper surface of the package, no power 
supply potential or no ground potential needs to be allocated to first 
terminal 2 on the opposite side, that is a ball terminal. As a result, a signal 
5 line can be allocated to first terminal 2. Therefore, in a device particularly 
with high power consumption, a downsizing of a package or a package of 
more signal Lines in a single package is achieved. 

Conductive paste for improving a contact is applied to the power 
supply terminal or the ground terminal on semiconductor package 1 and the 

10 underside of the semiconductor device. As a result, it is possible to ensure a 
reliable contact between the power supply terminal or the ground terminal 
and the metal substrate serving as a heat radiation board. Furthermore, 
when a ground potential is to be supplied to semiconductor element 10, a 
potential of substrate 4 can be supplied to first terminal 2. Accordingly, an 

15 operation of semiconductor element 10 can be stabilized. In addition, 

through the equalization of heights of second terminals 8 provided at four 
corners of semiconductor package 1 and semiconductor element 10 provided 
on semiconductor package 1, a reduction of stress applied to semiconductor 
element 10 upon mounting of metal substrate 6 can be achieved. 

20 Consequently, semiconductor element 10 can be protected. 
Third Embodiment 

With reference to Fig. 8, semiconductor package 1 in accordance with 
a third embodiment of the present invention includes first terminal 2 
provided at first main surface la as a ball terminal, second terminals 8 

25 provided at four corners of semiconductor package 1 as a power supply 

terminal or a ground terminal, semiconductor element 10 packaged on the 
semiconductor package by a wire bonding process, interconnection line 11 
provided inside semiconductor package 1 for supplying a power supply 
potential or a ground potential, a wire for a signal line 12 connected to 

30 semiconductor element 10, a wire 13 supplying a power supply potential or a 
ground potential to semiconductor element 10, and a die pad 14 fixing 
semiconductor element 10 to semiconductor package 1 and supplying a 
substrate potential. 
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In semiconductor package 1 in Fig. 8, a power supply potential or a 
ground potential from second terminal 8 at one of four corners on second 
main surface lb of semiconductor package 1 is supplied, via interconnection 
line 11 within semiconductor package 1 for supplying a power supply 
5 potential or a ground potential and via wire 13 for a power supply potential 
or a ground potential connected to semiconductor element 10, to 
semiconductor element 10. 

The semiconductor device employing the semiconductor package 
configured in accordance with the third embodiment has an effect similar to 

10 that of the semiconductor device in accordance with the first embodiment. 

In addition, in the wire bonding type semiconductor package 1, 
through the provision of second terminal 8, which is a terminal for a power 
supply or a ground or the like, at four corners on an upper surface of 
semiconductor package 1, no power supply terminal or no ground terminal 

15 needs to be allocated to first terminal 2 that is a ball terminal. As a result, 
a signal line can be allocated to first terminal 2 on the underside. 
Therefore, in a device particularly with high power consumption, a 
downsizing of a package or a package of more signal lines within single 
semiconductor package 1 is achieved. In addition, conductive paste for 

20 improving a contact is applied to second terminal 8 of semiconductor 

package 1 for a power supply or a ground. As a result, it is possible to 
ensure a reliable contact between second terminal 8 for a power supply 
potential or a ground potential and metal substrate 6. 

In accordance with the present invention, a reliable electrical 

25 connection can be ensured, thereby a highly reliable semiconductor device 
can be provided. 

Although the present invention has been described and illustrated in 
detail, it is clearly understood that the same is by way of illustration and 
example only and is not to be taken by way of limitation, the spirit and scope 
30 of the present invention being limited only by the terms of the appended 
claims. 
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